The ratio h/mu between the Planck constant and the unified atomic mass constant should have a special status in the framework of the future International System of Units. As the Planck constant h will be fixed, the ratio h/mu will ensure the realization of the new kilogram (quantum kilogram) at the atomic scale. Furthermore, this ratio becomes a key data for the realization of the kilogram at the macroscopic scale using the XRCD method.
I. INTRODUCTION
In the future revision of the SI, the definition of the kilogram will based on a fixed value of the Planck constant. This choice highlights the watt balance method. However, the XRCD method is still relevant and the two methods are considered in the mise en pratique of the kilogram. Indeed, using the ratio h/m u which is measured precisely, one can link the Planck constant to the mass m of the silicon sphere used in the XRCD method with the formula:
where V is the volume of the sphere, a 0 is the lattice constant and A r (Si) is the mean relative atomic mass in the silicon crystal. It can be calculated using the well-known values of A r ( x Si) = mx Si /m u , where mx Si is the mass of the silicon isotope x.
Equation 1 which depends of the ratio h/m u , is a part of the realization of the kilogram using the XRCD method.
In our experiment in Paris we determine the ratio h/m X (m X is a mass of atomic entity X) from the measurement of Doppler shift induced by the recoil of an atom absorbing a photon given by:
where λ R is the wavelength of the laser used for measuring the Doppler effect and λ B the wavelength of the photon inducing the recoil. Because the relative atomic mass A r (X) = m X /m u is measured precisely [1] , our experiment leads to a direct determination of the ratio h/m u .
II. DETERMINATION OF THE RATIO
The measurement of the recoil Doppler shift is based on a Ramsey-Bordé atom interferometer according to the pioneering idea proposed by S. Chu in 1993 [2] . Such an atom interferometer uses two pairs of π/2 light-pulses. Each light pulse induces a two-photon Raman transition between the two hyperfine levels of the ground state. As the Raman transition is performed by two counter-propagating laser beams, an atom absorbs a photon from one beam and re-emits a stimulated photon towards the other beam: atoms that undergo a Raman transition take twice the recoil velocity v r (where v r =hk/m X , and k is the wave-vector of the laser light). Such transitions are used to separate and recombine the atomic wave packets. Because the Raman transitions are Doppler sensitive, the Ramsey-Bordé atom interferometer measures the velocity change that occurs between the first and the second pair of light pulses. The velocity distribution of atoms transferred after the first two π/2-pulses follows a Ramsey fringe pattern. The fringe interval ∆v of this distribution is equal to:
where ∆x is the distance between the two arms of the interferometer. The second pair of π/2 pulses closes the interferometer by transferring the atoms to the initial state with a probability that follows a Ramsey fringe pattern. One can scan the fringes by changing the frequency of the Raman lasers during the second pair of light pulses. The frequency of the central fringe corresponds to a frequency shift that compensates any Doppler effect endured by the atoms within the interferometer. In order to improve the sensitivity of the atom interferometer to the recoil velocity, we use Bloch oscillations (BO) technique in the middle of the atom interferometer in order to transfer to the atoms about 1000×v r (500 BO) [3] .
III. RECENT PROGRESS
Recently many improvements have been made to our experimental set-up: the reduction of vibration noise, the optimization of the time sequence, the precise characterization of the residual magnetic field and the realization of a new laser source for Bloch oscillations. The latter point is the most important change. We have developed a laser source emitting 11.5 W at 780 nm, generated by frequency doubling of a seed laser at 1560 nm using a periodically poled lithium niobate crystal [4] . Finally, we demonstrated a statistical uncertainty of 4 10 −10 on the measurement of h/m Rb . The experiment is now working reliably and we can perform measurements for a long period (see Figure 2 ). But this data revealed a new systematic effect that depends non linearly on the efficiency of Bloch oscillations technique (see Figure 3) . This systematic effect is related to the spatial fluctuations of Bloch laser beams intensity at a short-scale, 100 µm. These fluctuations can be seen as wavefront distortions [5] . First, we have done a MonteCarlo simulation and shown that te relative local momentum due to these fluctuations is about two orders of magnitude higher than the Gouy phase considering typical experimental laser beam parameters. Then, we have implemented a theoretical model considering the correlation between the phase gradient and the probability to absorb a photon. We have only taken into account the wavefront distorsions of Bloch laser beams neglecting those of the laser beams of the atomic interferometer. We established a relationship that expresses the effect of the intensity fluctuations on the recoil measurement as a function of the efficiency of the Bloch oscillations. This model is in good agreement with the experimental data. 
IV. CONCLUSION
In conclusion, we have improved the statistical uncertainty on the measurement of the ration h/m Rb to 4 × 10 −10 and identified the origin of a new systematic effect attributed to short-range spatial fluctuations of the laser beams profile. For this purpose we developed a theoretical model that fits perfectly the experimental data and explains the behavior of this systematic effect as function of the efficiency of the coherent acceleration based on Bloch oscillations. This demonstrates that the fluctuations of laser intensity at shortscale induced a systematic effect on the measurement of the recoil velocity that surpass the Gouy phase effect.
Currently, we are testing different optical systems to produce a laser beams with high quality profile. We expect to perform a new measurement campaign of the ratio h/m Rb in the next months.
